Background: Endotoxin is a significant contributing factor underlying the occurrence of fever, diarrhea, inflammation, edema, coagulation, shock and other syndromes associated with gram-negative bacterial infections. To date, there is no effective treatment for endotoxemia. Aim: The aim of this study was to characterize differentially expressed genes in sinomenine-treated and lipopolysaccharide (LPS)-induced endothelial cells by microarray analysis and to determine the potential pharmacological activity of sinomenine. Design: The cultured cells of five treatment groups (n ¼ 3) were collected. Participants: total RNA was extracted and subjected to Agilent Porcine 4 Â 44 K whole genome microarray. Methods: Kyoto encyclopedia of genes and genomes and gene ontology software were applied to screen and analyze differentially regulated genes. Results: The results showed that 723 differentially regulated genes were identified including 410 up-regulated genes and 313 down-regulated genes in therapy group vs. LPS group. Ten genes may be key controlled genes in the pathogenesis of LPS, including five up-regulated genes (ARG1, TLR2, IL1A, VCAM1, DKK3) and five down-regulated genes (HABP2, ID1, CHDH, GPX3, PTGFR), which primarily contribute to biological processes such as inflammatory response, vascular lesion, metabolic process and cell cycle. IL1A and FMO3 were considered as potent target genes. Conclusion: Global gene expression profile analysis showed that sinomenine might effectively be useful to regulate inflammatory responses as part of future anti-endotoxin therapies.
Introduction
Lipopolysaccharide (LPS), an endotoxin released by gram-negative bacteria, is the main pathogenic factor of colibacillosis and is largely responsible for morbidity/mortality associated with the disease. 1 LPS activates a series of signal transduction pathways in cells and causes pathological effects. 2 LPS can injure the microcirculation and vascular endothelial cells by promoting excessive secretion of immune-associated cytokines, thereby contributing to the inflammatory cascade response that ultimately triggers multiple organ dysfunction syndromes. 3 Endotoxin is a significant contributing factor underlying the occurrence of fever, diarrhea, inflammation, edema, coagulation, shock and other syndromes associated with gram-negative bacterial infections. 4 To date, there is no effective treatment for endotoxemia. Many Chinese herbal medicines can effectively suppress and kill bacterial pathogens. They are widely used to prevent and cure infectious diseases, often with a high efficacy, low toxicity, less occurrence of resistance and lower residual levels remaining in a body than many common drugs. Along these lines, many studies have focused on use of Chinese herbal medicines to mitigate/prevent LPS-induced damage. 5 Sinomenine, a pure compound extracted from the Sinomenium acutum plant, has been shown to impart an anti-inflammatory effect in the treatment of immune-related disorders in experimental animal models and in some clinical applications. 6 Further investigations using isolated mouse neutrophils confirmed there was indeed an up-regulation of AR induced by sinomenine and that AR-cAMP-PKA signaling was involved in this induced antiinflammatory effect by this alkaloid. 7 Endothelial cells play important roles in a number of physiologic and pathologic processes, such as inflammation, fever, diarrhea, coagulation and shock. 8 Regarding initiation/development of immune responses, endothelial cells can be activated by pathogens, leading to their release of various endogenous compounds that modulate vascular relaxation/constriction, including some cytokines. As it has been confirmed that endothelial cells are important primary targets for systemic diseases, 9 iliac artery endothelial cells (including those from pigs,
i.e. Porcine iliac artery endothelial cells (PIECs)) represent good models for such studies of induced dysfunction. Gene chip technology, with its characteristics of highthroughput simultaneous analysis, automatic rapid analysis and multiparameter sensitive analysis, is useful for the study of gene function and the interactions between genes. 10 In this study, changes in the levels of gene expression in PIEC treated with LPS and sinomenine were evaluated using an Agilent Porcine Genome 4 Â 44k Array. This array covers 43 603 transcripts and their mutants, representing more than 35 000 functional porcine genes. In this study, the effects of sinomenine as an anti-endotoxin and/or anti-inflammatory agent were evaluated. It was hoped that these studies would provide a theoretical basis for further research on the potential for certain types of alkaloids to be used as novel anti-endotoxin/-inflammatory agents.
Materials and methods

Reagents
Pure sinomenine (at 20 mg/vial; lot #110774) were purchased from the National Institute for Control of Pharmaceutical and Biological Products (Beijing, China). Sinomenine was diluted to 10 mg/ml with Dulbecco's modified Eagle's medium (Sigma, St. Louis, MO) containing 10% fetal bovine serum (FBS; Sigma, St. Louis, MO), 100 U/mL penicillin and 10 lg/ml streptomycin (Gibco, Grand Island, NY). The diluted solutions were then filtered through a 0.22-lm membrane and stored at 4 C. Before use, the agents were diluted 10-fold with medium. LPS from Escherichia coli (Type O 55 : B 5; Sigma, St. Louis, MO) was prepared following the same procedure as earlier.
Experimental protocol
PIECs were obtained from the Committee on Type Culture Collection of Chinese Academy of Sciences; the providers indicate that the line was developed from a single host animal. When cultured single-layer endothelial cells reached confluency in a cell incubator (BB15; Thermo Scientific, Chicago, IL), they were allocated into six groups. In blank group, the complete medium (containing 10% FBS) was replaced with maintenance medium (containing 2% FBS) without LPS or sinomenine. In LPS group, the medium was replaced with medium containing LPS at 1 lg/ml. In therapy group, endothelial cells were initially challenged with 1 lg/ml LPS, 3 h later, treated with sinomenine at a concentration of 1 mg/ml for 24 h. In prevention group, endothelial cells were initially challenged with 1 mg/ml sinomenine, 3 h later, treated with LPS at a concentration of 1 lg/ml for 24 h. In meanwhile group, endothelial cells were meanwhile challenged with 1 lg/ml LPS and 1 mg/ml sinomenine for 24 h. In sinomenine group, endothelial cells were challenged with 1 mg/ml sinomenine for 24 h.
RNA isolation and cDNA, cRNA synthesis
Total RNA was isolated from PIECs in each group according to the manual of the Trizol reagent (Invitrogen Corporation, Carlsbad, California, USA) 11 and then purified following the Rneasy protocol. 12 The quality of the total RNA samples was assessed by optical density measurement at 260/280 nm and agarose electrophoresis (180 V, 0.5 h) with a 2:1 ratio of 28 S rRNA to 18 S rRNA intensities. Five microgram of total RNA was used as a template for cDNA synthesis. cDNA purification, biotinylated cRNA synthesis and purification were performed by following the manufacturer's instructions (Agilent). 13 The quality and concentration of cDNA and cRNA were examined using a previously reported procedure.
14 cRNA fragmentation and microarray detection 
Statistical analyses
The normalized signal values, signal detections and experiment/control were obtained by quantifying and normalizing the signal values, using GCOS 1.4. The probe signal values were scaled to evaluate gene expression (P < 0.05), marginal expression (0.05 < P < 0.065) and no expression (P > 0.065). The signal values of each chip were normalized and evaluated to determine whether a gene's expression had changed by the ratios, which compared the normalized P values of the treated group to that of the control group, e.g. a gene whose ratio value !2 was regarded as up-regulated expression; a gene whose ratio value 2 was regarded as down-regulated. 17 Statistics and cluster analyses were conducted on these values with GeneMath, GeneSpring (Silicon Genetics, San Carlos, CA, USA) and Microsoft Excel Software (Microsoft, Redmond, WA, USA).
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Results
LPS group vs. blank group
Eight hundred and fifty-nine genes were up-regulated and 863 genes were down-regulated out of a total of 1722 genes whose expressions showed significant differences in LPS group vs. blank group. Details of the genes whose expressed ratios were obvious are shown in Table 1 . Differentially expressed genes mainly involved inflammatory disease, vascular lesion and positive regulation of toll-like receptor signaling pathway. It proved that the pathological model was successful and the effect of endotoxin on cells was extensive. Hierarchical cluster analysis of differentially expressed genes showed that the genes were well-distinguished between the normal and experimental groups ( Figure 1 ).
Therapy group vs. LPS group
Four hundred and ten genes were up-regulated and 313 genes were down-regulated out of a total of 723 genes whose expressions showed significant differences in therapy group vs. LPS group. Details of the genes whose expressed ratios were obvious are shown in Table 2 . Differentially expressed genes primarily contributed to response to toxic substance, positive regulation of DNA replication, vitamin digestion and absorption. It suggested that sinomenine, as an anti-endotoxin drug, has a wide range of repair and improvement effects on damaged cells. Volcano plot analysis was performed to represent the differentially expressed mRNA between therapy group vs. LPS group (Figure 2 ).
Prevention group vs. LPS group
Eight hundred and sixty-two genes were up-regulated and 930 genes were down-regulated out of a total of 1792 genes whose expressions showed significant differences in prevention group vs. LPS group. Details of the genes whose expressed ratios were obvious are shown in Table 3 . Differentially expressed genes mainly involved cell adhesion molecule production, negative regulation of extrinsic apoptotic signaling pathway, p53 signaling pathway. As a preventive against LPS, sinomenine is more comprehensive effects than therapy group results.
Meanwhile group vs. LPS group
Seven hundred and twenty-one genes were up-regulated and 418 genes were down-regulated out of a total of 1139 genes whose expressions showed significant differences in meanwhile group vs. LPS group. Details of the genes whose expressed ratios were obvious are shown in Table 4 . Differentially expressed genes mainly referred to regulation of vasoconstriction, negative regulation of response to cytokine stimulus, heterotypic cell-cell adhesion. Compared the results of treatment group and prevention group, the number of differentially expressed genes in meanwhile group was sharply reduced. We guess sinomenine and LPS may have direct chemical neutralization or biological antagonism. Kyoto encyclopedia of genes and genomes (KEGG) analysis was showed between meanwhile group vs. LPS group (Figure 3) .
Sinomenine group vs. Blank group
Three hundred and sixty genes were up-regulated and 317 genes were down-regulated out of a total of 677 genes whose expressions showed significant differences in sinomenine group vs. blank group. Details of the genes whose expressed ratios were obvious are shown in Table 5 . Differentially expressed genes mainly dealed with defense response to gramnegative bacterium, positive regulation of wound healing and acute inflammatory response. The results showed that sinomenine had good pharmacological effects such as bactericidal, bacteriostatic, anti-swelling, anti-inflammatory and accelerating healing, no obvious toxicity and side effects. Gene ontology (GO) analysis was performed between sinomenine group vs. blank group (Figure 4) . 
Discussion
The Agilent chip is the most authoritative chip available and its associated GeneChip technology is considered the professional standard in molecular biology research. We analyzed the 1722 genes whose expressions showed significant differences in LPS group vs. blank group and found that a variety of biochemical processes seemed to play a role in the toxicological effects of LPS. The most important category was inflammatory reaction, which includes TLR2, IL1A, VCAM1 and DKK3. The genes encoding these proteins were all up-regulated. These proteins are all involved in the cascade response that amplifies inflammation and causes fever, edema, diarrhea, coagulation, shock and other clinical symptoms in humans and animals. This inflammation cascade is also mainly responsible for the high mortality of bacterial diseases. 19 IL1A also promote apoptosis, which leads to cell death and irreversible structural deformation. TLR2 is responsible for the toll-like receptor signaling pathway, VCAM1 is involved in the MAPK signaling pathway, DKK3 is the main node of the WNT signaling pathway, which had already been shown to be involved in LPS-mediated toxicity. 20 The number of up-regulated and down-regulated genes in LPS group vs. blank group was almost the same, suggesting that LPS could induce and inhibit the regulation of physiological responses in the normal body. The pathways suppressed included ribosome, oxidative phosphorylation and various kinds of amino acid metabolism. HABP2 and ID1, down-regulated at the same time, would lead to serious defects in protein synthesis and even threaten life. 21 Oxidative phosphorylation genes, such as GPX3 and CHDH, if down-regulated simultaneously, would directly inhibit a number of important catalytic enzyme responses and block body metabolism in the pathological state. 22 In addition, the up-regulated gene Arg1
participates in the urea cycle and metabolism of arginine and proline; the up-regulated gene Ampd3 is involved in purine metabolism; and the down-regulated gene Ca3 is responsible for nitrogen metabolism. These genes impact on production, circulation and use of amino acids in the body from both positive and negative aspects and alterations of their expressions would have serious consequences for the infected host. 23 There were 723 genes whose expressions showed significant differences in therapy group vs. LPS group. Many of the up-regulated genes that were involved in inflammation, apoptosis, and various signaling pathways in LPS group, were not up-regulated and completely recovered to normal levels in therapy group. The majority of the down-regulated genes, which were involved in ribosomes and oxidative phosphorylation in LPS group vs. blank group recovered to normal levels, however a few of them appeared to be up-regulated in therapy group vs. LPS group. Specifically, the up-regulated genes involved in response to toxic substance in therapy group vs. LPS group included FMO3, CYP26A1 and so on. The up-regulated genes related to immune enhancement were IFIT3, TMPO and DSCC1. The data of LPS group showed that LPS could cause a serial of pathological changes in cell and organism, such as inflammation, apoptosis, defects in protein synthesis, blockage of oxidative phosphorylation, while the data of therapy group revealed that sinomenine could simultaneously reduce inflammatory cytokine expression, suppress the transcription of apoptosis genes, accelerate the synthesis of protein, enhance the energy metabolism of cells, thus play the anti-endotoxin effects.
The other up-regulated genes in therapy group vs. LPS group were involved in a wide range of enzyme activity and protein fields, including alanyl aminopeptidase, dopa decarboxylase (aromatic L-amino acid decarboxylase), transglutaminase 2, UDP glucuronosyltransferase 1 family, polypeptide A6, acid phosphatase 5, rhophilin, Rho GTPase binding protein 2, annexin A13, and secreted protein, acidic, cysteine-rich (osteonectin). The upregulation of these genes (related amino acid metabolism, hormone synthesis, immune regulation, cell structure and other physiological processes) suggested that sinomenine has a non-specific but comprehensive protective function for the body. Compared with the 410 up-regulated genes, the 313 down-regulated genes in therapy group vs. LPS group were comparatively few in number, most of which were genes and transcribed loci of unclear function. The difference in the number of up-regulated and down-regulated genes in therapy group vs. LPS group also showed that sinomenine's multiple pharmacology effects on the body in the pathological state are mainly mediated by the induction of gene expression.
The results showed that there were 1792 differentially expressed genes of prevention group vs. LPS group. Among them, there were 862 up-regulated and 930 down-regulated genes. Through the preliminary analysis of GO and KEGG database, the differential genes mainly involved cell adhesion molecule production, negative regulation of extrinsic apoptotic signaling pathway, response to toxic substance, positive regulation of DNA replication, vitamin digestion and absorption. These results showed that sinomenine as a preventive agent against endotoxin, the pharmacological effect is more extensive compared with therapy. It has a clear repair and positive effect for antimicrobial, detumescence and wound healing on pathological damage.
Genes whose expressions showed significant differences in meanwhile group vs. LPS group appeared to be representative of the combined simultaneous action of sinomenine and LPS. Only 677 differentially expressed genes in 43 603 pig detection genes/ transcripts, and up regulation genes and down regulated genes accounted for about half among them. The differential genes mainly involved regulation of vasoconstriction, negative Compared with the results of treatment group and prevention group, the number of differentially expressed genes in meanwhile group was sharply reduced. We guess sinomenine and LPS may exist directly neutralization of physicochemical or biological antagonistic effect; the mechanism underlying this effect is unclear. The number of up-regulated genes was almost twice as much that of down-regulated genes, in a total of 1139 genes in sinomenine group vs. blank group. Apart from the fields discussed above, the up-regulated genes were also involved in basic physiological processes including amino acid biosynthesis (ARG1), muscle growth, mineral absorption (TF), calcium pump (S100A8), energy metabolism (ABCB1) and growth hormone (GHITM). The down-regulated genes were involved some biochemical aspects, such as acute inflammatory response (TNFSF10), vascular adhesion (MADCAM1), defense response to gram-negative bacterium (STAT1) and positive regulation of wound healing (MAPKBP1). It was proved that sinomenine was safe without obvious toxicity and side effects. Besides our previous basic research confirms that morphology of endothelial cells with 1 mg/ml sinomenine were the same as in cell control. The OD value of endothelial cells treated with 1 mg/ml sinomenine from the MTT assay and had no statistical differences with that of cell control. The present results suggest that sinomenine might potential have a use as part of a therapeutic regimen to treat toxicities from endotoxin exposure, as demonstrated by animal in vivo experiments 25 and cell in vitro experiments 26 in our laboratory.
Most of this effects could be attributed to its anti-endotoxin and anti-inflammatory effects and subsequent impact on the regulation of cytokine formation/release by a variety of cell types in a host. 27 This study revealed crucial information on the pharmacological activity of sinomenine and laid a foundation for subsequent gene validation and functional studies. Furthermore, highly represented genes are target genes, IL1A and FMO3. Clearly, key regulatory genes studies are needed to better clarify whether there will ever be any potential utility of sinomenine in clinical settings. 
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